A sensor electrode was modified by multi-walled carbon nanotubes functionalized by dithizone. The electrode was used for determination of trace amounts of cadmium (II) ions. The electrode composition was 67% graphite powder, paraffin 23%, 10% modified MWCNTs (W/W). The linear range for lead (II) was 1.8×10 -7 to 1.0×10 -4 mol L "1 and the limit of detection was obtained 1.0×10
INTRODUCTION
Cadmium is a trace heavy metal of great importance in environmental protection since it is a highly toxic element. 1 Determination of cadmium in environment samples is so important as this element exist in environment samples as a contaminant originating from industrial or urban waste pollution. As a result of high toxicity even at low concentrations, and various matrix interferences in real samples, developing an accurate, precise and selective method for cadmium determination is necessary.
Different instrumental methods such as flame atomic absorption spectrometry (FAAS), 2 graphite furnace atomic absorption spectrometry (GFAAS), 3 inductively coupled plasma atomic emission spectrometric (ICP-AES), 4 and electrochemical methods 5 have been used for cadmium determination. Among these methods, potentiometric methods using ion sensors are common due to their accuracy, high rate, low cost and also being non-destructive 6 . Potentiometric carbon paste electrodes, in comparison to polymeric .
In this technique, a chemical modifier is introduced to carbon paste electrode to increase the methods sensitivity 8 . In carbon paste methods, carbon nano-tubes have attract lots of attention as a modifier due to having high electrical conductivity, high mechanical and thermal stability 9 . These nano-tubes can be easily modified with a ligand in order to change their selectivity toward a specific ion.
In this work, multi-walled carbon nanotubes were functionalized by dithizone. The material was characterized by FT-IR, SEM and elemental analysis. A carbon paste sensor was modified by this material and used for determination cadmium content in environmental samples. The effective parameters on response of the electrode were investigated and good selectivity toward cadmium ion was observed. This electrode can be used as fast simple method for determination of cadmium content in environmental samples with low concentrations.
MATERIALS AND METHODS

Regents and solutions
All reagents were of analytical grade and used without any further purification. Paraffin oil and Cadmium nitrate were purchased from SigmaAldrich Company. Carboxyl modified multiwalled carbon nanotube (COOH-MWCNT) was purchased from Neutrino Company (Tehran-Iran). Multiwalled carbon nanotubes were 30 µm length and 5-10 nm in diameter. The other chemicals such as Oxalyl chloride and dithizone were from Merck Company. All solutions were made using deionized water. The deionized water was provided from a Milli-Q (Millipore, Bedford, MA, USA) purification system.
Preparation of dithizone functionalized multiwalled carbon nanotube
For synthesis of dithizone functionalized multiwalled carbon nanotube, 1.0 g of COOH-MWCNT was suspended in 50 mL of dried CH 2 Cl 2 under nitrogen atmosphere. Then 5 mL of oxalyl chloride was slowly added to mixture from a dropping funnel. After stirring for 24 h, CH 2 Cl 2 was removed under reduced pressure, and the residue was suspended again in 50 mL of dried methanol. Then 5 mL triethylamine and excess amount of dithizone (2 g) were added to reaction mixture. After refluxing the mixture for 24 h, methanol was removed under reduced pressure and the sorbent was dried at 80 °C under vacuum. The formation of dithizone functionalized multiwalled carbon nanotube was confirmed by IR spectroscopy, elemental analysis and SEM micrograph. A schematic diagram of this synthesis is represented in Fig. 1 .
Apparatus
The reference electrode was a glass cell, consisted of an R684 model Analion Ag/AgCl double junction. A Corning ion analyzer 250pH/ mV meter was used for the potential measurements. The pH meter was a digital WTW Metrohm 827 Ion analyzer (Switzerland) equipped with a combined glass-calomel electrode. The pH adjustments were made at 25±1°C. The elemental analyses (CHNS) were performed on a Thermo Finnigan Flash-2000 microanalyzer (Italy). IR spectra were recorded on a Bruker IFS-66 FT-IR Spectrophotometer. The SEM micrograph was recorded by a Vega-TeScan scanning electron microscope.
Preparation of modified carbon paste electrode
By thoroughly mixing an accurate of amount of graphite 67% graphite powder, paraffin 23%, 10% modified MWCNTs (W/W) the carbon paste electrode was prepared. The electrode body was fabricated from a glass tube of i.d. 5 mm and a height of 3 cm. To avoid possible air gaps, the paste was packed carefully into the tube tip, often enhancing the electrode resistance. A copper wire was inserted into the opposite end to establish electrical contact. The external electrode surface was smoothed on a soft paper. A new surface was produced by scraping out the old surface and replacing the carbon paste.
Electrode conditioning and Emf measurements
The electrode surfaces were conditioned in a solution of 1 
Sample preparation
The soil standard reference material was digested in an 8 mL mixture of 5% aqua regia with the assistance of a microwave digestion system. Digestion was carried out for 2 min at 250 W, 2 min at 0 W, 6 min at 250 W, 5 min at 400 W and 8 min at 550 W, and the mixture was then vented for 8 min and the residue from this digestion was then diluted with deionized water 10 .
RESULTS AND DISCUSSION
Dithizone functionalized multiwalled carbon nanotube characterization
The reaction of chlorine group in acyl chloride with amine group in dithizone group leads Finally, in order to investigate the morphology and size of this composite, SEM micrograph was performed on this modified MWCNT. According to the SEM micrograph, the nano-structure of MWCNT remained unchanged after functionalization and the multiwalled carbon nanotubes have approximately 20 nm diameter (Fig. 2) .
Electrode composition
The electrode composition is the most important factor in the responses and selectivity of the electrode. Different amounts of graphite powder, paraffin oil and modified MWCNTs were thoroughly mixed and the responses are listed in Table 1 . In the first study no modifier was added to the electrode 2-7) . It was observed that the electrode performance can improve by adding modified MWCNTs. This should be result of two factors: 1) improving the conductivity of the electrode which is the result of high conductivity of MWCNTs; 2) complexation of cadmium ion with dithizone which increases the analyte concentration on the surface of the electrode. The response of the electrode was increased with adding modified MWCNTs up to 10% (electrode no. 7) and in higher values the Nernstian slope was decreased (electrode no. 6). By changing the composition ratio to 67% graphite powder, paraffin 23%, 10% modified MWCNTs in electrode no. 8 the best results were ontained. A Nerstian solpe of 29.4 mV in a linear range of 1.8×10 -7 to 1.0×10 -4 mol L -1 was obtained. The standard deviation for ten replicates was 1.3 mV
Calibration curve
Quantitative determination of cadmium (II) ions was done by a calibration curve in the linear range of 1.8×10 -7 to 1.0×10 -4 mol L -1 versus Emf measurements. The calibration curve is shown in Fig. 3 . The detection limit of the electrode was calculated by extrapolating the linear parts of the ion selective calibration curve 11, 12 . The limit of detection of the electrode was 1.0×10 -7 mol L -1 .
Influences of pH
The effect of pH of the test solution on the sensor potential was investigated by following the potential variation of the sensor over the pH range of 2.0 to 9.0. The pH of a sample solution of 1×10 ). The result of this study is shown in Fig. 4 . The results show that the potentials of the sensor remain constant from pH of 3.0 to 7.0. Under more acidic conditions, the ligand may be protonated and thereby lose its capacity to form a complex with the metal ions, whereas for the higher pH values , the hydroxyl ions in the solution react with Cd(II) to make Cd(OH) 2 .
Study of Response time
The average static response time was defined as the required time for the sensors to reach a potential of 90% of the final equilibrium values, after successive immersions in a series of solutions, each having a 10-fold concentration difference 11, 12 . To investigate this parameter, The Cd(II) concentration was changed in the liner range and the results were studied. The results showed that the response time for the proposed electrode is 37 seconds.
Influence of interference ions
The selectivity behavior is obviously one of the important characteristics of membrane sensors in which the possibility of reliable measurement of the target sample is determined. Matched potential method (MPM) is the recommended method for studying Influence of interferences ions in ion selective electrodes by IUPAC 13 . The method is base on measuring the specific activity of the primary ion which is added to a reference solution. In this study the interfering ions were successively added to an identical reference solution with concentration of 1.0×10 Table 2 . The electrode showed a good selectivity toward Cadmium (II) ions.
Lifetime
The lifetime of an electrode is the period of time that the electrode shows no changes in the efficiency of the measurements. The electrode was calibrated periodically with standard cadmium solutions. The next time the electrode was calibrated in the next week. It was observed that within 12 weeks no changes in the electrode response occur. After 12 weeks the sole was changed and linger range became more limited.
Method validation
Different type of standard reference materials (water and soil) was used for validation of this method. The samples were digested by mentioned method and the Cd(II) contents were analysed by this method. As it can be seen in Table  3 , the results have good compatibility with certified ones and this method can be consider as an accurate and reliable method for cadmium determination in environmental samples.
CONCLUSION
A paste electrode was developed for determination of cadmium ions. . The electrode composition was 67% graphite powder, paraffin 23%, 10% modified MWCNTs (W/W). Effects of electrode composition, and pH on the electrode response were studied. The electrode has a long lifetime and a response time. A good selectivity to cadmium ion was observed which makes the electrode a good candidate for determination of cadmium content in environmental samples. Method validation was done by analysis of standard reference materials with a matrix of water and soil.
